GALCIT REPORT NO. 



GUGGENHEIM AERONAUTICAL LABORATORY 
CALIFORNIA INSTITUTE OF TECHNOLOGY 



* SHORT TIME COMPRESSIVE CREEP 
IN 75S-T6 AND 25S-T6 ALUMINUM 
I ALLOY SHORT COLUMNS 

I 

|> Roland C* Thatcher, Jr, , Lt, USN 



PASADENA, CALIFORNIA 







FORM AL-S 6M 2-49 



THfSIS : 





I J Vary 

|j Naval Postgraduate Scliooi 
Mcmietcy, CalLfomia 



SHORT TIME COMPRESSIVE CREEP 
IN 75S-T6 AND 25S-T6 ALUMINUM 
ALLOY SHORT COLUMNS 



Thesis by 

Roland C. Thatcher, Jr, Lt. USN 



In Partial Fulfillment of the Requirements 
For the Degree of 
Aeronautical Engineer 



California Institute of Technology 
Pasadena, California 



1952 



X 



AC K UC vV L DG T. !' JT c 

The author wishes to express his gratitude to the following people 
w'hose contributions made this thesis possible; to Dr, cZ . E, Sechler 
for his timely advice and guidance; to Dr. D. S. Clark, and Dr. 
y. C. Fung for their helpful suggestions; to Mr. Milton J. lAoods for 
his cooperation in the design of the testing machine, and photography; 
to Mr, Marvin E. Jessey for assistance with the electrical problems; 
to Mr. C, A. Bartsch and his staff for their skillful machining of the 
test apparatus, and test specimens; to Mrs. Betty L. Woods for 
presentation of data; to R . J. Kauffman, L t. U3N, and R. Gaibler, 

Lt, USN, for their cheerful cooperation during the entire investiga- 
tion; to Mrs. June B. Royce for typing the thesis; and to his wife, 

Mrs, Hazel R. Thatcher, for her cheerful acceptance of the hard- 
ships encountered during the preparation of this thesis. 






u 



t- * . % X 

I'he c*re«:^o charact'? ^istics of :so:ne of the light n etal ^.lloys at 
high temperature and stress ^.vere investigated when saoject to; 

(1) i'ension, (f:) Short Column Compression , (3) long Column effect. 
The tension and long colamn aspects are covered in the theses of 
J. Kauffman and . Gaibler respectively, this thesis concerns 
th^ shorl^-time creep of short colurvAns of 25S-*r6 and 753- 16 
alurr.inurr alloy , subjeci:ed to large corr*pressive loads, and tempera- 
tures of 450^, 500^, and 550^F. The columns were circular in cross 
section, and had an effective slenderness ratio of 25.5. 

o 

It was found that 753-T6 was superior to 253-T6 at 450 T and, 
that at that temperature, 75^-Tb short columns could v/ithstand a 
stress of lr,5r^0 psi> however due to creep, failure occurred in 
approximately 45 seconds. At a temperature of 500^F , E5'^- r6 was 
found to be superior, and withstood a stress of 11 ,000 psi for 
aorroxio ately 60 seconds before creep failure occurred. The load 
carrydng ability of the tv/o alloys was about the same at 550^F with 
both m.aterials withstanding 8,0rc psi for appr oxirratel . 6'^ seconds. 

It is commonly believed that aluminum alloys are of little value 
at temperatures as high as , however contrary- to this belief, 

this investigation shows that short columns of the two alloys tested 
can carry a large cornoression load if the tirre of duration is short. 
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IN'. aODUC riON 



With the advent of high speed aircraft and guided missiles , the 
designer is faced with the ever increasing nroblen » of higher operat- 
ing temperatures in the engine, and aerodynamic heating of the skin 
of the aircraft or missile. To further complicate the problem, there 
is the ever present demand, especially from the military, for higher 
performance, which immediately requires minimum weight design. 
Therefore the designer must have available the creep characteristics, 
at high temperature and high stress, of the light metal alloys. 

' 1 ) 

Considerable research has been done on the creep of metals' ' , 
however as concerns the light metal alloys, the investigations have 
concerned long time creep, i.e. , creep at high temperature and low 
stress, or at low temperature and high stress. Further the bulk of the 
investigations have been concerned with creep in tension, v/ith little 
having been done about creep in compression, or the effect of creep on 
columns. The long time creep of some creep-resistant nickel- 
chromium alloys subjected to compressive stress, has been shown to 

iz) 

be similar to tensile creep'*"' , however here again the investigation 
concerned only a few metals, and totally ignored the regime of short- 
tiire creep. 

This investigation is concerned with the short-time creep of 
some of the light metal alloys subject to; (1) tension; (2) Short Column 
Compression, and (3) I. ong Column Effect . The short-time compressiv 
creep aspect will be treated in this thesis, whereas the tension, and 



( 1 ) 



Bibliography 



2 



lon^ column aspects of the investigation are being reported by 
"I, J. Kauffman, and X . Gaibler rcsp#»ctively , as noted in the biblio- 
graphy . 

i’he short colutY»n creep t<"3ts were conducted on 75S-T6 and 
25C-T6 aluminum alloy columns, with an effective slenderness ratio 
of 2 5 . 5, subjected to temperatures of 450°F to 550°F , and stresses 
close to the critical stress, 1 he time to failure in general is less 
than 1C minutes, which limits the use of the curves to the design of 
some type of guided missile, rather than aircraft. 

The tests were conducted at the Guggenheim Aeronautical 
Laboratory, Califorviia Institute of Technology , Pasadena, California, 
under the guidance of Dr, E. Sechler and with the assistance of 
i\ . J. Kauffman, Lt, USN, and R. Gaibler, Lt, USN. 
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,t the the suoj^c: for thi;^ taejis \vJJ c J , ihere 

was no suitable cre^p testing « quio'aie^.t av-aili' l^ at ... alifornla 
Institute of Technology, -.'herefore, after considering w^hat 
iTiinin*mm requirerr.ents of th^ equipment could be , thse following 
specifications were decided on; (1) a lev r type, constant load 
testing machine, capable of applying an axial load of 6,500 pounds- 
on the specimen, both in tension and cornpres.sion; (2) ci furnace 
capable of maintaining the specirr:en at a temperature of 550^^ IT ^ 

5^F , with the heat being applied in such a manner as to keep the 
gradient over the specimen less than 10^£ ; (3) a rriCthod of strain 
meaGuroment accurate to 0,0005 in. /in, 

Fig, 1. shows the general arrangement of the eauipment, The 
fram<^ and fittings are made of mild steel, except for such parts as 
the knife edges and rings, which arc hardei^ied steel, '^he knife edges 
are spaced in the lever arm so as to give a mechanical advantage of 
10, A ball-socket joint at the lower plate eliminates any eccentric 
loading of th^ vertical shaft. In order to apply cornpr^^ssive 

loads to the specirren, a reversing cage was necessary (Ser Fig. 2.). 
This cor^-'pression cage is made of mild steel with hardened end 
Ahe end plates have a one inch radius spherical surface, for seating 
the specimen. 

In order to decrease the conduction of heat in the vertical steel 
shaft, two heat insulating joints were needed, one just above, and th^ 
other just below, the upper and lower olates of th-' furnace respec- 
tive Insulation is obtained through a dead air ->pace in the heat 
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joint, plu^a 3/4 inch transit ^^vasii.r b'^'twcr-'n tht*' 3teel loa^ trans- 
mitting surfaces , 

The vertical ;nc.nbors of the frame hav'e 13 holes spaced two 
inches apart, to allow for positioning the platforrrj holding tlie furnac«^ , 
and also the lower plate whicn restrains the ball joint. In addition, 
the ring which supports the iriiddle knife edge and the vertical shaft 
which pierces th'=‘ lower plate, are both amply threaded to allow for 
centering the si>ecimen in the furnace. 

The furnace consists of a transite pipe, split down the middle 
ana insulated by two inches of rock wool on the sides, and four inches 
of rock v/ool above and belo%\ the transite ends . Exterior to the rock 
wool is a half cylinder of Oural shc^t, which connects to the upper 
and low'^ r 1/4 inch steel plates. Inside the transite shell is a 1/4 
inch layer of asbestos for protection of the transite, and inside the 
asbestos is a stainless steel liner, to obtain maximum radiation of 
heat, ^he two halves of the furnace are connected v/ith a piano hinge, 
and overlap is provided en the two halves to cut down heat loss 

through the joints of the furnace. Details of th^ furnace are shown 
in F igs .3,4,5, and 6 . 

The original design of the furnace called for 16 vertical elements # 
equally spaced as showm in Figo 7. The wiring was done so as to 
provide high, miediur.:, ana low heat control of th^ furnace. h«''n on 
high heat four sets, of four elernents in series, are in parallel. On 
m-'dium heat two sets, of four elements in series, are in parallel, 
and on low heat two sets, of eight elements in series, »are paralleled, 
ubs^qaent tests on the furnace showed this arrangement gave adverse 
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t/?»nn»’rnture gradients on the specimen, therefore additional ring 
shao"' elements were added to the top and bottom surfaces of the 
furnacf^ box. The input to the side elements is approximately 
2,0C0 watts on high heat, and 500 watts on low heat. The input to 
the lower ring element is 250 watts on both high and low, and the 
upper ring element uses approximately 62 watts on both high and 
low heat. 

The temperature of the furnace was controlled by using a 
Sim-^ly-Trol controlling pyrometer to operate a relay, which in 
turn controlled th^ power to the elements. The control board is 
shown in Fig , I . 

wmasurem'^nt of deformations was accomplished by two, 
eight-power telescopes, spaced four inches apart vertically, mount- 
ed on the furnace (Fig. 1) , and reading directly the movement of two 
scales, fastened to the upper and lov^^r inner plates of the compres- 
sion cage (Fig, 2). The telescopes were altered in order to permit 
focusing on the scales; this was done by inserting a brass sleeve 
between the eyepiece and body of the telescope (Fig. 8). cross 
hair vvas mounted in the brass sleeve to provide a reference point. 

The scales are standard 1/4 inch steel scales whose smallest divi- 
sion is C.Cl inches, however, due to the magnification obtained in 
the tf^lescope , it is possible to measure 0.001 inch nnotion of the 
scale accurately. Since the gauge length of the specimen is five inches, 
th^ measurement of strain is accurate to 0.0002 in. /in. 

The light source consists of a bulb mounted in a plastic impreg- 
nated fiber holder, which was inserted in the light source hole cut 






in th ’ fui'nace . 

D^=ts.l\3 of the tel^scop’ ana light aource inting^ are sh- 
in Figs . 5 and 6 . 
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a at^'^rials test.'^*-! ici thio inv«^s vigati jn 75 - To ana 

2? -*.6 alunr.laum ^'iloys* These particular alloys were considered 
particularly desirable, since they vare extensively used in the air- 
craft industry , 

fhe 75T-T6 specimens were machined from corntTvCrcial , 

5/8 inch round, forged stocks The 25S-T6 was machined from ^ 
forjed propeller blade, obtained from the Cooperative ind funnel, 
fhe nropeller had not been in previous use at the wdnd tunnel. 

.specifications for the specimens used in this investigation are 
sho%vn in f'ig. 9<. 

fne room temperature niechanical properties of both alloys 
sv r*^ determined from bests run in a i-aldwin-oouthwt^rk , Universal, 
3C^\C00 nound testing machine, with a fate-Gmery load indicator. 

"he d'^f orrnations v;ere rrjeasurevi with a Huggenberger extensometer . 
d«Gul1:s of these tests are shown in Figs. 10 through 13 and tabulated 
in Table i. The values obtained agre^ favorably with accepted values. 
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Pi'forr ass'^i/'bly of the ^estino machine, all elvern<=*nts of the 
load transrrittinr systerr. were weighed accurately to one ounce, 
in order to deterreine the load on the specirnen due to the dead 
sveight of these elements « The testing machine v/as then assembled, 
furnace put in place, and a specimen placed in the compression 
cage . 

The n>casuring system was checked first and it was found that 
the field of vision of the telescope was only C.08 inches, w^hich was 
somewhat smaller than had been anticipated* Therefore in order to 
provide reference points on the scale, miniature X's, O’s, and Ps 
were etched betv*^een each 0p05 inch marker of the scale. The scale 
was also chrome plated to provide easier readability. Vs/ ith these 
two alterations, the measuring system proved to be adequate. 

The temperature gradient in the specirrien svas determined by 
using three ir on-constantan thermocouples, located at the top, in 
th^ c^'nter, and at the bottom of the specimen. The thermocouple for 
the controller was placed at the center of th^^ specimen. These 
thermocouples w^^re wired to th^ specimen with very light iron wire. 
Another thermocouple was silver soldered to the specimen, in ord^r 
to ch<»ck th" contact of the thermocouples which were wired to the 
spccin)en, and it was found that wiring the thermocouples gave the 
same terrioeratures . With these thermocouples in place, the furnace 
was brought up to temperature using high heat. The time required to 
obtain 550^iT on the 3pecirr:en was approximately 12 minutes, the time 
being som.ewrhat less for the lower temperatures o The furnace was 
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allj V u t.j 3 -crate o.i?- .o^a.c . i before c; "'ctcin^ ne 

gradi'^nt. .h’ t»^n';5errttu'' • of the ♦ ■ r 'iocod^;l*'s vi^ detr r •■niiv- ^ 
u^ing a and ^ ort.hrup pot«--ntl. ’'r eter. ‘ h-> gradi;*nt ov*'r tl\ 

Gpecionen was ch-^-cked at d50 T, 5.'‘C'.d, and 5^0 vith th-^ heat 

control set on both high and low, and with the upp^^r ring element 
connect'-^d and disconnected . I he most favorable gradient was 
obtained with the heat control set on low, and wua the top ring 
elem-^nt inoperative o In this condition the gradient <vas 4^F fro:. - 
top to bottom of the specimen at 55C F* i he gradient was .Vepreci*- 
ably higher with the furnace set on high and also when the 

top ring elerr-ent was conn*""cted and the heat concroi on either high 
or low* The variation of temperature at any one point of the speci- 
men, was less than one d'^gree . During these tem;x*rature Gurv^^y 
tests, it was found that by making Q final adjustment of the aial 
setting on the '^im-'^dy- T rol controlling pyrometer appr cxirnately 
3C minutes before the les? began, th**' desir-'^d temperature on the 
specirTien could be obtained within one degr^^^ ^ 

" he effective slenderness ratio of the test sprciiricn was de- 
termined by first calculating the end fixity of the specimen, . his 
was accomplished by; (1) determining the critical stress for a standara 
test specimen at room ternp^*rature ; (2) detera'''imng the tangent 
modulus corresponding to this critical stress; and ^3) calculating 



* TT^ ^ 

the end fixity from h.ngessers' equation, ^ ' — -C — ^ 

^ = ultin'.ate strength of axially laa^ed colurmi, 



wn^ 



lb . per sq . in • 



L = length of colu'Yin, inches 



p 

E,y. - HiOualain cor re^^jonoing to — , Ibii • per bc . in. 

f = Lea.st r^dia^i jf ^>ration, incIi*-^3 , 

The crif*ical stress, or ulti.oate strength, of a 75.- ^6 test 
speciinen was determined, using a ) aluwin-bouthwark , l-niversal, 
300,000 lb. testing niachine. he end plates of the compression 
cage were placed betv/cen ..up specimen, and the heads of the test- 
ing machine, and a standard stress-strain test run. The results are 
plotted in Fig. 14. Using figure 1?., the tangent modulus correspond- 
ing to the critical stress for the test specimen was determined. It 
is now possible to solve for the end fixity in fJngessers' equation. 

Having C , the effective slenderness ratio is -s- = — — 

J }Jcf 

end fixity was found to be 2.46, and the effective slenderness ratio 
is 25.5. 1 he critical effective sl. nderness ratio, based on 0.2 per- 
cent offset yield stress, was c'ilculated to be 54.7, using the equa- 
tions for short colun«ns from Reference 4. Therefor^ the columns 
tested are well within the short column range. 

Formal testing of the specinicn was now begun. The thermo- 
couple for tlie 5>im-Ply-Trol controller v^as wired to the cent'=‘r of 
th^ specimen, v/ith another thermocouple placed close beside it, in 
order to check the actual te:nperature on the specimen before the 
te^t began. This was found to be quite necessary in that variations 

of the ambient air temperature, affected the temperature of the 
(5) 

specirrien' , ana corrective setting of the ^im-; ‘ly- • rol indicator 
was necessary to obtain the desired temperature for the test. Proper 
alignTV’e'nt of the scales with the telescopes w^as now accomplished, 
and the furnace closed. • he weight necessary co put th' desired stress 
on tue soeciiT‘en v^as determined to 4 0.01 lbs. , 



ana placed on the 
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leading p<*n , .vhich was supportrd by a hydraulic jack (See Fig* 1) » 

Th'^ furnace control was turned to high h^at until the desired tem- 
perature w’as reached, and then turned to low heat and allowed to 
stabilize at the t^st temperature for one hour. As mentioned pre- 
viously, final adjustment to the temperature was made approxi- 
mately 30 minutes prior to test time, hov^ever this consisted of a 

% 

-h 3 F change , so to all int^^nts and purposes the specimen was at 
thf^ desired temperature for one hour prior to test. The temperature 
was taken irremediately before beginning the test and recorded. Scale 
readings taken immediately before the load was applied, and 

then the loading was accomplished as smoothly as possible, by 
controlling th^" rate of descent of the hydraulic jack. The time re- 
quired to apply the load was approximately five seconds, and through- 
out the tests an attempt was made to maintain the same loading rate. 
Scale readings wore taken every 15 seconds, until the specimjen 
failed. At completion of the test, the temperaturr* v/as again taken, 
however thr're was never any appreciable change noted. 

Several tests were made in the same manner described above, 
except that the scales were mounted on the specimen. This resulted 
in large errors in scale readings, due to rotation of the scales, de- 
fending on the direction of bending of the specimen. Therefore these 
tests were totally unreliable and all data obtained had to be discarded. 

Tests were conducted on 75S-T6 and 253- T6 specimens at 
450^F, 500^F, and 550^F, The highest loading at each temperature 
was very close to the ultimate load. 






rh'? rr'SuUs of tests run on 75vS--/6 and ?5S-' 6 short colurrns , 
with an of 25.5, are shov/n in ^ igs , 15 through 20. 

Fig. 15 shows th'^ creep characteristics of 75lT-r6 at 450^F, 
and it can be seen that this alloy will withstand a stress of 14,500 
psi, but due to creep, failure will occur in approximately 45 seconds* 
•D'^cr casing the stress 500 psi increases the time to failure appreciable,, 
so that at 13,000 psi th' tirrte to failure is in exc^^ss of 6 minutes. Figs* 
l6 and 17 show th'' creep characteristics of 75S- f6 at 500"^ and 550^F 
respectively. As in the tests at 450^F, the increase in time to failure 
with decrease in stress is quite' rapid. The time to failure was 
approximately 90 seconds at a temperature of 500^F and a stress of 

10.000 psi, hovyever by decreasing the stress to 9i000 psi the time to 
failure was increased to approximately 8 minutes. Failure occurred 
in approximately 75 seconds at a temperature of 550^F and a stress of 

3.000 psi, whereas at 7,000 psi the time to failure was in exc ss of 
6 n-inutes* 

r'igs . 18, 19. and 20 are the creep curves for 25o~r6 at 45C , 

500 , and 550 F respectiv'^r-ly , These curv es show the same charac- 
teristics as mentioned above for 75;T-f6. It is interesting to compare 
the curves for 25S-I6, for which the time to failure was the shortest, 
with those for 75o-T6 at the three test teiriperatur-^s . At 450^F, 

25S- ’ 6 failed in approximately 75 seconds under a stress of 14,000 
psi, whereas for 753«r6 the time to failure was *15 seconds with a 
stress of 1- , 50C psi. The time to failure at SOO^F was approximately 
th^* same for both alloys, how6*ver 25S*-f6 withstood a stress of U^COC 
psi as compared to IG,00C psi for 75. *-16. , 



both alloys with- 
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stood a stress of 3,00C psi and the time to failure ;>ya3 apj^roximately 
same This clearly indicates tae use of 25- - i6 rather than 75 -r6 
for those applications in which the temperature is to be above 450^1 o 
Figo 21 shov;s the results obtained in three tests of Z5S-76 
specimens, under identical conditions of load and temperature* he 
almost exact reproducibility shown in these curves indicates fairly 
good instrumentation and experimental techniqueo The main dis- 
crepancy in the three curves is the initial sti^ain, which can be 
attributed to a number of things, one of which is nor nal statistical 
variation* However it should be pointed out that from the results of 
some of the early tests, it was observed that variation in loading rate 
had a very decided effect on the initial deformation * mentioned 
previously an attempt was made to maintain sarnie loading rate in 
all the tests, however this is quite impossible and can only be approach- 
ed v/ith the equipment available * 

Figo 22 is a plot of stress vs. minimumi creep rate for 25S-T6 
and 75o-T6, however it is of academic use only, since the period of 
secondary creep is very short; therefore the minimum creep rate 
given here cannot be used for long-time prediction of the deformation 
to be expected in 25S-r6 or 75S-r6 short coluninSo The minimum 
creep rate curves w'ere plotted prin-^arily to bring out any discrep- 
ancies in the curves of Figs* 15 through 20, however they also indicate 
superiority of 25S- f6 at 50C^r*. 

Fig* 23 shows the time at %vhich the transition point is reached 
in short columns of 25J- r6 anu 75:>-'f6, depending upon the stress and 
ten perature* Transition point is the inflection point between the con- 
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1 ^. 

increaslvi^^ creep rate, which continues up to the 

(4) 

rupture poiaL of the a\ateriau igs * 2^ and 25 are' curves giving 

tlie tin'c required for 1.0 percent and 1.5 percent deformation to 
occur in 753- i6 and 253-16 respectively. Figs. 23, 24, and 25 are 
cross plots of Figs. 15 through 20, and are intended for use in the 
design of missiles « For instance supposing the designer has a 
coa^ipr'^ssion member with an of approximately 25.5, v/hich is 

to he used in a supersonic guided missile. The missile after reach- 
ing its maximum speed will, due to aerodynamic heating, be sub- 
jected to rather high temperatures. In addition short-time accelera- 
tions will be encountered, which will subject the member in question 
to high loads of short-time durationo Knowing the temperature, 
stress, and time of duration of stress, the designer can use t-'ig. 23, 
24, or 25 to determine whether a column of 25S-T6 or 75S-I6 would 
be suitable for the application. 



i ^ 
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From the results of this experiment it was found that 75 ."j-T6 

alurrsinuni alloy was slightly superior to ?S- -V6 at 450*^F, and that 

?5b-r6 short columns could withstand 14,500 psi for approximately 

o 

45 seconds, 50H F , short columns of P.53-T6 were found to be 
appreciably superior to 75i>- "6, and failure occurred in approxi- 
mately 6r; S'^-conds under a stress of li ,000 psi. Ihe two alloys 
were approximately equal in their load carrying ability at 550^F , 
since they both withstood a stress of S,000 psi for approximately 
60 seconds . 

Contrary to common belief, this investigation shows that 
aluminum alloys are capable of withstanding appreciable loads of 
short-time duration', at temperatures up to 550^F , and therefore 
indicates the possibility of using these alloys for certain component 
parts of supersonic guided missiles, which are subjected to high 
t'^mneratures due to aerodynamic heating. 

deformations measured in this investigation were not only 
due to compressive creep, but also were due to sidewise deflection 
of the column, therefore it is recommended that further research be 
carried on for the above alloys using specimens whose ^ 
neighborhood of 10 to 15, in order to more nearly approach true 
compressive creep, it is also recommended that the investigation be 
extended to include the magnesium alloys, such as FS-1 and Z^'l-60a. 

Investigations should also be conducted to dcterrrdne the effect 
of creep during heating. The specimens should be loaded and 
heated rapidly to a predeterrrined temperature <» 



This would simulate 
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t :"»ratjrc ondition-> \r ^o:d?u by a^er odyawi.nic hcati’ig on a 
guir?c iuring ration t3 its i.' axinrar flight sp^eJo 

this invostigation thr specimen was heated to the specified 
ter- oerature and soaked for one hour prior to test, therefore it is 
rojr .Tienaed the time be shortenea in definite increa‘ients , in order 
to determine the effect of soaking period on the creep characteristics. 

before further research is attempted the following changes 
in equipment are suggested: 

1. Increase the power to the bottoms ring element to 500 watts, 
and at the same time make possible the control of power to this 
element. It is Celt this change will further decrease the gradient 
in the specimeno 

2. If feasible, increase the field of vision of the availabl'^ tele- 
scopes, or purchase new ones. 

3. Use a screw-type jack rather than hydraulic, for applying 
the load to the specimen. screvy'-type automobile jack would 
serve purpose very wello It is believed the rate of loading 
could be better regulated with this type jack. 
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MOTES 

(.FURNACE TO BE BUILT IN TWO HALVES. USE TRANSITE 
SHEET AT DIVIDING LINE TO CLOSE IN ROCK WOOL FILLER. 

2. STAINLESS STEEL LINER TO BE FITTED WITH OVERSIZE HOLES 
AT FASTENING POINTS TO ALLOW FOR EXPANSION. 



FRONT VIEW 
CREEP TEST FURNACE 



FIG. 3 



3. MANNER OF SCREWING TRANSITE TOGETHER IS IDENTICAL 
AT TOP AND BOTTOM OF FURNACE. 
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SPACERS 



SHELL 



FIG. 4 
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DETAILS OF VINDOWS AND TELESCOPE MOUNT 



FOR C^EEP TEST FURNACE 
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0.04"alUMINUM shell 
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HORIZONTAL SECTION THROUGH CENTER LINE 
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EXTENSION FOR WALLENSAK TELESCOPE 
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FIG.23 

TIME TO TRANSITION POINT FOR 75S-T6 
AND 25 S-T6 SHORT COLUMNS, STABILIZED 
ONE HOUR AT TEMPERATURE 
L'/j, = 25.5 
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FIG. 24 

TIME REQUIRED FOR l%AN0l.57o 
TOTAL DEFORMATION IN 75S-T6 



SHORT COLUMNS, STABILIZED ONE 
HOUR AT TEMPERATURE L) =25.5 
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FIG. 25 

TIME REQUIRED FOR l%AND 1.5% TOTAL 
DEFORMATION IN 25S-T6 SHORT COLUMNS, 

STABILIZED ONE HOUR AT TEMPERATURE 
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